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Introduction
The influence of aerobic fitness [as defined by aerobic power and indexed by the rate of peak oxygen consumption (V O 2 peak )] on the body's physiological capacity to dissipate heat has been the focus of research for decades. Since the seminal work of Saltin & Hermansen (1966) , which demonstrated that core temperature during exercise was dependent upon the relative intensity of exercise (i.e. the percentage ofV O 2 peak ), numerous studies have demonstrated that individuals with a lowerV O 2 peak display a reduced ability to dissipate heat (as evidenced by a reduction in sweating) relative to individuals with a higheṙ V O 2 peak during exercise at a fixed, relative percentage oḟ V O 2 peak (Drinkwater et al. 1976; Tankersley et al. 1991; Havenith et al. 1998; Fritzsche & Coyle, 2000; Gant et al. 2004; Ichinose et al. 2009; Ichinose-Kuwahara et al. 2010) . These fitness-related differences may be particularly evident at net heat loads (defined as metabolic heat production ± dry heat exchange) that necessitate higher requirements for heat loss as evidenced from several passive non-exercise studies that report differences in maximal sweating capacity between groups of low and high aerobic fitness (Buono & Sjoholm, 1988; Amano et al. 2013) . However, the presence of fitness-related differences in heat loss during exercise remains unclear, especially when taking into consideration the biophysical factors of metabolic heat production, body mass and body surface area, all of which are known to modulate heat loss (Havenith & Van Middendorp, 1990; Havenith et al. 1995; Jay et al. 2011; Cramer & Jay, 2015; Notley et al. 2016) . For instance, only one group (Jay et al. 2011; Cramer & Jay, 2014 Jay, 2014) to our knowledge has compared unfit and fit young adults (withV O 2 peak of 40 and 60 ml O 2 kg −1 min −1 , respectively) with matched physical characteristics during cycling performed at a fixed rate of metabolic heat production conducted in neutral conditions (25°C, 26% relative humidity), in which the authors reported similar sweating responses between the two groups (Jay et al. 2011) . Therefore, although aerobic fitness may not influence changes in sweating during exercise in neutral conditions, which provide a relatively lower net heat load, it is reasonable to expect that fitness-related differences in sweating would become increasingly evident at a higher net heat-load threshold that exceeds an unfit individual's ability to achieve heat balance. Given that other individual factors (e.g. sex, age and acclimatization state) influence evaporative heat loss only above a specific net heat load (Gagnon & Kenny, 2012; Poirier et al. 2015; Stapleton et al. 2015) , it can be postulated that fitness-related differences in sweating occur in a similar manner. This information is particularly important for developing evidence-based guidelines to protect athletes, workers and military personnel from experiencing heat-related illnesses during physical activity in the heat, especially given that individuals with various levels of aerobic fitness are often exposed to similar net heat loads. However, to our knowledge, no study has been designed to identify the specific net heat load at which fitness-related improvements in sweating (i.e. evaporative heat loss) become evident.
The purpose of the present study was therefore to examine minute-to-minute changes in whole-body sweating and the resulting changes in evaporative heat loss using direct calorimetry in healthy young men with low (ß40 ml O 2 kg −1 min −1 ), moderate (ß51 ml O 2 kg −1 min −1 ) and high (ß62 ml O 2 kg −1 min −1 ) aerobic fitness matched for body mass and body surface area to determine the net heat-load threshold at which aerobic fitness may independently modulate heat loss. To achieve our objective, we used an exercise model consisting of three successive bouts of semi-recumbent cycling performed at progressively greater fixed rates of metabolic heat production (and therefore heat load) in hot, dry conditions (40°C, 12% relative humidity). After accounting for the additional dry heat gain from the environment to the skin (estimated from our previous work to be ß100 W (Gagnon et al. 2013; Lamarche et al. 2015) ), these conditions provided all individuals with respective net heat loads of approximately 400, 500 and 600 W. The first and lowest heat load used was selected to be greater than the net heat load used in previous research (ß340 W; Jay et al. 2011; Cramer & Jay, 2015) . We hypothesized that fitness-related differences in whole-body evaporative heat loss are heat-load dependent and that the magnitude of those differences would be greater with progressive increases in net heat load.
Methods

Ethical approval
The experimental protocol was approved by the University of Ottawa Health Sciences and Science Research Ethic Board (approval ref. H10-04-04B) and conformed to the Declaration of Helsinki, except for registration in a database. Written informed consent was obtained from all volunteers before their participation in the study.
Participants
Twenty-four healthy, non-smoking men (18-30 years of age) participated in the study. These participants were selected based on their aerobic power, physical activity levels and physical characteristics (i.e. body mass and surface area) and then divided into three groups: Low-fit, moderate (Mod)-fit, and High-fit (each n = 8). The High-fit group had aV O 2 peak ࣙ60 ml O 2 kg −1 min
and performed ࣙ300 min per week of running, cycling or cross-country skiing as assessed by the Kohl physical activity questionnaire (Kohl et al. 1988) . These participants were each carefully matched for body mass and body surface area with a Mod-fit (possessing ȧ V O 2 peak of ß50 ml O 2 kg −1 min −1 and participating in weekly bouts of high-and/or moderate-intensity physical activity) and Low-fit participant (possessing aV O 2 peak ࣘ40 ml O 2 kg −1 min −1 and performing <150 min a week of physical activity). Participant characteristics are presented in Table 1 .
Preliminary sessions
All participants completed one preliminary session and one experimental trial on different days (separated by >48 h). During the preliminary session, participant body mass, height, density andV O 2 peak were determined. Body mass was measured using a digital high-precision weighing scale (model CBU150X; Mettler Toledo, Mississauga, ON, Canada), and height was determined using a stadiometer (model 2391; Detecto, Webb City, MO, USA). Body surface area was calculated from the measurements of body mass and height (Dubois & Dubois, 1989) . Body density was measured using the hydrostatic weighing technique and used to estimate fat percentage (Siri, 1956) . Indirect calorimetry (MCD Medgraphics Ultima Series; MGC Diagnostics Corporation, Saint Paul, MN, USA) was used to assess each participant's aerobic power by determining theirV O 2 peak as assessed during an incremental exercise protocol (i.e. 1 min incremental stages to volitional exhaustion; Canadian Society for Exercise Physiology, 1986) performed on a constant-load cycle ergometer (Corival; Lode, Groningen, The Netherlands). TheV O 2 peak was taken as the highest rate of oxygen consumption measured over the final 30 s of the incremental exercise protocol.
Experimental protocol
All participants were instructed to arrive at the laboratory adequately rested and hydrated and having abstained from exercise, caffeine and alcohol for 24 h before their experimental trial. After their arrival, participants changed into athletic shorts and provided a urine sample before having their body mass measured. Following instrumentation in thermoneutral conditions (ß25°C), participants entered a thermal chamber regulated to an ambient air temperature of 40°C and a relative humidity of 12% [specific humidity of ß5.5 g water (kg ambient air)
−1 ] and remained seated in an upright posture within the direct calorimeter. The calorimeter was then sealed with the participant seated inside. Participants rested for a 30 min habituation period, after which they performed three successive 30 min semi-recumbent cycling bouts at increasingly greater fixed rates of metabolic heat production equivalent to 300 (Ex1), 400 (Ex2) and 500 W (Ex3), respectively. After accounting for the environmental heat load (i.e. dry heat gain; ß100 W), these work rates elicited a net heat load (combined metabolic and environmental heat load) of approximately 400 (Ex1), 500 (Ex2) and 600 W (Ex3), respectively. Each exercise bout was followed by a 15 min resting recovery period (Rec1, Rec2 and Rec3). The rates of metabolic heat production used were equivalent to 36, 28 and 24%V O 2 peak for Ex1, 49, 38 and 32%V O 2 peak for Ex2 and 62, 49 and 40%V O 2 peak for Ex3 for the Low-, Mod-and High-fit groups, respectively.
Measurements
The modified Snellen whole-body direct air calorimeter was used to quantify whole-body evaporative heat loss and dry heat exchange (Reardon et al. 2006) . The rate of evaporative heat loss was calculated using the following expression:
where mass flow is the rate of air mass (in kilograms of air per second), humidity out − humidity in is the difference between the outflow and inflow measurements of absolute humidity (in grams of water per kilogram of air), and 2426 is the latent heat of vaporization of sweat (in joules D. T. Lamarche and others per gram of sweat). The rate of dry heat exchange was calculated using the following expression:
where mass flow is the rate of air mass (in kilograms of air per second), temperature out × temperature in is the difference between the outflow and inflow measurements of air temperature (in degrees Celsius), and 1005 is the specific heat of air (in joules per kilogram of air per degree Celsius). Data from the direct calorimeter were collected continuously at 8 s intervals and were displayed and recorded on a personal computer with LabVIEW software (Version 7.0; National Instruments, Austin, TX, USA). Participants exercised on a semi-recumbent Lode (Corival) ergometer modified to fit the calorimeter. Indirect calorimetry (AMETEK model S-3A/1 and CD 3A; Applied Electrochemistry, Pittsburgh, PA, USA) was used to measure metabolic heat production continuously during the experimental trial. The external work rate was adjusted when required to maintain the rate of metabolic heat production (metabolic energy expenditure minus external work) during each of the three exercise bouts.
To account for respiratory heat exchange, expired air was recycled back into the calorimeter. Oesophageal temperature was measured using a thermocouple temperature probe (Mon-a-therm General Purpose Temperature Probe; Mallinckrodt Medical, St Louis, MO, USA). The oesophageal probe was inserted 40 cm past the nostril entrance while the participants drank water through a straw. Mean skin temperature was calculated as the weighted average of the temperature measured at four skin sites: biceps 30%, chest 30%, thigh 20% and calf 20% (Ramanathan, 1964) . Data were collected at 15 s intervals and were displayed and recorded in spreadsheet format using a HP Agilent data acquisition module (model 3497A; Agilent Technologies Canada, Mississauga, ON, Canada) and a personal computer with LabVIEW software (National Instruments).
Heart rate was recorded at a sampling rate of 15 s using a Polar coded transmitter and stored with a PolarRS400 interface and Polar Pro Trainer 5 software (Polar Electro Oy, Kempele, Finland). Urine specific gravity was determined before each experimental trial using a hand-held total solids refractometer (model TS400; Reichter, Depew, NY, USA).
Data analysis
The net heat load was calculated as the combined heat loads derived from the rate of metabolic heat production (indirect calorimetry) and dry heat exchange (direct calorimetry). The change in body heat content was calculated as the temporal summation of heat production and heat loss. The thermosensitivity of the whole-body evaporative heat loss response was determined as the slope of the linear portion of the relationship between evaporative heat loss and mean body temperature using segmental regression analysis (Cheuvront et al. 2009 ; GraphPad Prism 6.0; GraphPad Software, La Jolla, CA, USA). The thermosensitivity was determined as the slope of the relationship between evaporative heat loss and mean body temperature (coefficient weighting: 0.9 oesophageal temperature; 0.1 mean skin temperature) for each exercise period. The change in oesophageal temperature within each exercise bout was reported as the difference between the average final 5 min from the start of exercise. Due to technical difficulties in one trial, we were not able to obtain oesophageal temperature in one subject, and therefore a sample size of n = 7 for each group is reported for the change in oesophageal temperature and thermosensitivity.
Figures are represented as minute averages at the end of each 5 min interval during exercise and recovery, and a 10 min average for the resting baseline period. Heart rate data in Table 2 represent 5 min averages for end exercise.
Statistical analysis
Physical characteristics, urine specific gravity and baseline resting values were analysed using a one-way ANOVA to identify differences between groups (three levels: Low-fit, Mod-fit and High-fit). The dependent variables of metabolic heat production, net heat load, evaporative heat loss, dry heat exchange, as well as oesophageal temperature, oesophageal temperature change, mean skin temperature and heart rate were analysed using a mixed two-way ANOVA with the non-repeated factor of group (three levels) and the repeated factor of exercise (three levels: Ex1, Ex2 and Ex3). A mixed two-way ANOVA was used with the repeated factor of time (six levels: minute 5, 10, 15, 20, 25 and 30) and the non-repeated factor of group (three levels) to define the time-dependent changes in evaporative heat loss between groups during each of the three exercise periods. Tukey's HSD procedure was used for post hoc comparisons when significant main or interaction effects were detected. For all analyses, the level of statistical significance was set at P < 0.05. Data are reported as means ± SD. Statistical analyses were completed using SPSS version 24.0 for Windows (IBM, Armonk, NY, USA).
Results
Participant characteristics and urine specific gravity
Apart fromV O 2 peak (P < 0.01), participants were of similar age (P = 0.43), body mass (P = 0.93), height (P = 0.59), surface area (P = 0.98) and fat percentage (P = 0.13; Table 1 ). All participants were similarly euhydrated (<1.020; ) as indicated by urine specific gravity (Low-fit, 1.007 ± 0.003; Mod-fit, 1.005 ± 0.002; and High-fit, 1.014 ± 0.008; P = 0.07) before the start of the experimental trial.
Whole-body heat exchange
Baseline. Metabolic heat production (P = 0.41), dry heat exchange (P = 0.84), net heat load (metabolic ± dry heat exchange; P = 0.85) and evaporative heat loss (P = 0.38) remained similar between groups at baseline.
Exercise. By design, metabolic heat production did not differ between the Low-fit (Ex1, 310 ± 14 W; Ex2, 418 ± 15 W; and Ex3, 516 ± 13 W), Mod-fit (Ex1, 305 ± 13 W; Ex2, 401 ± 12 W; and Ex3, 513 ± 23 W) and High-fit (Ex1, 305 ± 10 W; Ex2, 410 ± 12 W; and Ex3, 508 ± 19 W) groups during each of the three successive exercise bouts (P = 0.59). Dry heat gain was similar between the Low-fit (Ex1, 78 ± 21 W; Ex2, 81 ± 24 W; and Ex3, 79 ± 28 W), Mod-fit (Ex1, 86 ± 19 W; Ex2, 93 ± 17 W; and Ex3, 95 ± 19 W) and High-fit (Ex1, 81 ± 18 W; Ex2, 84 ± 18 W; and Ex3, 92 ± 18 W) groups during all exercise bouts (P = 0.49). Consequently, the net heat loads were similar between the Low-fit (Ex1, 388 ± 23 W; Ex2, 497 ± 31 W; and Ex3, 596 ± 38 W), Mod-fit (Ex1, 391 ± 28 W; Ex2, 496 ± 23 W; and Ex3, 610 ± 27 W) and High-fit (Ex1, 386 ± 25 W; Ex2, 493 ± 15 W; and Ex3, 598 ± 28 W) groups for all three exercise periods (P = 0.83).
Evaporative heat loss was similar between groups at the end of Ex1 (Low-fit, 363 ± 28 W; Mod-fit, 349 ± 30 W; and High-fit, 350 ± 18 W; P = 0.33; Fig. 1 ). However, evaporative heat loss was greater in the High-fit relative to the Low-fit group at the end of Ex2 (Low-fit, 439 ± 22 W; and High-fit, 466 ± 21 W; P = 0.03) and Ex3 (Low-fit, 511 ± 20 W; and High-fit, 557 ± 26 W; P < 0.01). In contrast, evaporative heat loss in the Mod-fit group did not differ from either the Low-fit or High-fit groups during Ex2 (Mod-fit, 451 ± 32 W; P ࣙ 0.28) or Ex3 (Mod-fit, 529 ± 31 W; P ࣙ 0.09). Moreover, a greater thermosensitivity of the evaporative heat-loss response was measured between the High-fit relative to the Low-fit group during all three exercise bouts (P ࣘ 0.05; Table 2 ). No differences in thermosensitivity were measured between the Mod-fit group and either the Low-fit or High-fit group (P ࣙ 0.12).
The High-fit group had a lower change in body heat content during Ex2 (89 ± 19 kJ) and Ex3 (145 ± 27 kJ) compared with both the Low-fit (Ex2, 140 ± 35 kJ; and Ex3, 220 ± 43 kJ; P ࣘ 0.01) and Mod-fit (Ex2, 134 ± 34 kJ; and Ex3, 203 ± 42 kJ; P ࣘ 0.02; Fig. 2 ) groups. The change in body heat content was not different between the Low-fit and Mod-fit groups for any of the exercise bouts (P ࣙ 0.65).
Body temperatures and heart rate
Baseline. Baseline oesophageal temperature and mean skin temperature were similar between groups and averaged 36.89 ± 0.18 (P = 0.67) and 35.45 ± 0.42°C (P = 0.12) across groups, respectively. Likewise, heart rate did not differ between groups at baseline (P = 0.14; Table 2 ).
Exercise. Oesophageal temperature was similar across the Low-fit, Mod-fit and High-fit groups during Ex1 (37.12 ± 0.18, 37.13 ± 0.11 and 37.02 ± 0.17°C, respectively; P = 0.36). Although statistically similar between the Mod-fit relative to the High-fit group during Ex2 (37.49 ± 0.24 and 37.23 ± 0.26°C, respectively; P = 0.08) and Ex3 (37.81 ± 0.39 and 37.45 ± 0.25°C, respectively; P = 0.06), oesophageal temperature tended to be lower in the High-fit group. Oesophageal temperature was greater in the Low-fit compared with the High-fit group during Ex3 (37.85 ± 0.25°C; P = 0.01), but not Ex2 (37.38 ± 0.18°C; P = 0.24). No differences in oesophageal temperature were observed between the Low-fit and Mod-fit individuals during any exercise period (P ࣙ 0.35). The relative change in oesophageal temperature within each exercise bout was also similar between groups during Ex1 and Ex2, and averaged 0.20 ± 0.15°C (P = 0.09) D. T. Lamarche and others and 0.35 ± 0.15°C (P = 0.70) across groups, respectively. However, during Ex3, the relative change in oesophageal temperature was lower in the High-fit (0.38 ± 0.13°C) compared with the Low-fit (0.64 ± 0.22°C; P = 0.02), but not the Mod-fit group (0.53 ± 0.28°C; P = 0.23). Mean skin temperature did not differ between groups during any exercise bout (P ࣙ 0.10), and averaged 35.71 ± 0.27, 35.77 ± 0.30 and 36.02 ± 0.32°C across groups during Ex1, Ex2 and Ex3, respectively.
Heart rate was reduced in the High-fit compared with both the Low-fit and Mod-fit groups throughout all three exercise bouts (P ࣘ 0.04; Table 2 ). However, no differences in heart rate were observed between the Low-fit and Mod-fit groups (P ࣙ 0.50).
Discussion
Our findings support the longstanding notion that the body's physiological capacity to dissipate heat is improved in highly fit young men compared with lesser trained counterparts, although we are the first to demonstrate that this occurs at a net heat-load threshold of ß500 W (as the combined metabolic and environmental heat load). Furthermore, the magnitude of these fitness-related differences became greater as the net heat load increased. These differences were attributable to a greater thermosensitivity of the whole-body evaporative heat-loss response as well as a higher level achieved during exercise, both of which contributed to a lower change in whole-body heat content and core temperature in those with a high relative to low aerobic fitness. Moreover, these fitness-related differences in sweating were unrelated to differences in body mass, body surface area and rate of metabolic heat production, all of which are known to modulate heat-loss responses (Havenith & Van Middendorp, 1990; Havenith et al. 1995; Cramer & Jay, 2015; Notley et al. 2016) .
In line with our hypothesis, our findings demonstrate that fitness-related differences in the rate of whole-body evaporative heat loss were dependent on the net heat load (Fig. 1) . The similarities between groups in evaporative heat loss at the lowest heat load (ß400 W) are consistent with the most recent work on this topic (Jay et al. 2011; Cramer & Jay, 2015) and reinforce the notion that large differences in aerobic fitness do not modulate sweating responses during exercise at net heat loads that are insufficient to compromise heat-loss capacity in unfit individuals. However, at net heat loads ßࣙ500 W, which appear to challenge an unfit individual's capacity to dissipate heat sufficiently, evaporative heat loss was 6 and 9% greater during Ex2 and Ex3, respectively, in the High-fit compared with Low-fit men
Net heat load/Evaporative heat loss (W)
Time ( Figure 1 . Net heat load (metabolic heat production ± dry heat gain; continuous black line) and rate of whole-body evaporative heat loss (circles) in young men matched for body mass and body surface area measured at resting baseline, over three 30 min exercise bouts (Ex1, Ex2 and Ex3) and three 15 min recovery bouts (Rec1, Rec2 and Rec3) in a hot, dry environment (40°C, 12% relative humidity) for the Low-fit (open circles), Mod-fit (grey filled circles) and High-fit (black filled circles) groups Data (1 min averages) were obtained at the end of each 5 min interval, with data obtained during exercise being used for statistical analyses. Net heat load is presented as the mean across groups, whereas evaporative heat loss is expressed as the mean (±SD) within each group. Significance level was set at P < 0.05. * Significant difference in evaporative heat loss between the High-and Low-fit group. † Significant difference from Ex1. ‡ Significant difference from Ex2.
( Fig. 1) . Our findings are therefore consistent with previous observations demonstrating that highly trained individuals have improved sweat gland output for a given thermal stimulus primarily because of increases in cholinergic sensitivity, glandular hypertrophy and glandular concentrations of acetylcholine (Henane et al. 1977; Buono & Sjoholm, 1988; Buono et al. 1992; Amano et al. 2013) . Moreover, our findings support more recent reports that aerobic fitness per se does not influence changes in sweating independently of differences in the evaporative requirement for heat loss and body surface area during exercise at low net heat loads (Jay et al. 2011; Cramer & Jay, 2015) . Ultimately, our findings demonstrate that fitness is an important determinant of an individual's capacity to perform physical activity in hot conditions. In the present study, the rates of metabolic heat production used were equivalent to 36, 28 and 24%V O 2 peak for Ex1, 49, 38 and 32%V O 2 peak for Ex 2 and 62, 49 and 40%V O 2 peak for Ex3 for the Low-, Mod-and High-fit groups, respectively. For instance, individuals with reduced fitness who must exercise or work in the heat at an intensity or physical effort ࣙ60%V O 2 peak would be likely to experience greater fatigue exacerbated by higher levels of thermal strain, placing them at an increased risk of injury, especially when performing physical activity in arduous environments (e.g. deep mechanized mining, electric utilities; Kenny et al. 2012; Meade et al. 2015 Meade et al. , 2017 Legault et al. 2017) . In contrast, whole-body evaporative heat loss in Mod-fit men did not differ significantly from either the Low-fit or High-fit men (Fig. 1) . These similarities may be explained by the range of heat loads used in the present study (400-600 W) in that they were insufficient to compromise evaporative heat loss in the Mod-fit group to an extent that we could detect differences from the High-fit men. This further reinforces the notion that fitness-related differences are indeed heat-load dependent. To detect fitness-related differences in groups with smaller variations in aerobic power, it is likely that even higher heat loads than those used in the present study are required. However, it is important to note in this situation that a less fit individual would be required to maintain a greater relative exercise intensity that might exceed their ability to complete such a protocol, particularly when completing successive exercise bouts. To isolate the effects of smaller differences in aerobic fitness, it may be necessary to use single exercise bouts of increasing heat loads, performed on separate days to permit sufficient recovery (Kenny & McGinn, 2017) .
Although the Low-fit and Mod-fit men stored more heat than their High-fit counterparts during Ex2 and Ex3 (Fig. 2) , this was paralleled by a greater change in oesophageal temperature in the Low-fit men relative to the High-fit only at the end of Ex3. This disparity between thermometry and calorimetry has been observed in previous evaluations of age-related (Stapleton et al. 2015) , sex-related (Gagnon & Kenny, 2012) and health-related differences in heat-loss capacity ) and addressed in recent reviews and perspectives (Sawka & Castellani, 2007) . However, given that this experimental model was not specifically designed to assess the influences of aerobic fitness on heat exchange during recovery, these differences must be interpreted with caution. This is because postexercise heat exchange (metabolic heat production and heat loss) is influenced by various factors of both thermal and non-thermal origin and can differ markedly as a function of increasing heat loads and fitness (Kenny & McGinn, 2017) . The effect of fitness on postexercise heat exchange represents an important topic for future research, but evaluating this response would require a model incorporating a single exercise bout with a more prolonged recovery period.
Considerations
In the present study, heat-loss responses were evaluated during exercise in hot, dry conditions, which allow for the full evaporation of sweat from the skin surface. However, it remains to be determined whether the observed fitness-related improvements in evaporative heat loss remain intact in humid, hot conditions. In such conditions, sweat rate often exceeds the maximal rate of evaporation possible in the environment, leading to greater non-evaporated sweat and an increase in skin wettedness relative to dry conditions. As such, these fitness-related improvements in evaporative heat loss may be absent in more humid conditions or where impermeable protective clothing is worn, because a greater rate of sweating in highly trained individuals may not correspond to a greater rate of evaporative heat loss in these conditions. On the contrary, it is important to note that blood flow to the periphery is an important component of heat loss and is known to be fitness related (Fritzsche & Coyle, 2000) . Therefore, an improved skin blood flow response through physical training is likely to impart some thermoregulatory advantage to highly fit individuals in hot, humid conditions. We defined aerobic fitness based on aerobic power (as indexed byV O 2 peak ), because it is considered to be a key determinant of aerobic fitness (Astrand & Rodahl, 1986; Kenney et al. 2012) . However, we did not strictly consider individual differences in physical activity type (e.g. sprint versus endurance activities) that might modify the volume and intensity of activity, which are factors known to influence the degree of training-induced partial heat adaptation (Gisolfi & Robinson, 1969; Henane et al. 1977; Amano et al. 2013) . For instance, improvements in heat loss are typically absent in those performing anaerobic-type training because the duration and level of heat strain are believed to be insufficient to induce adaptation (Amano et al. 2013) . It is therefore possible that individuals who are physically active, but possess a lowV O 2 peak , might display similar improvements in evaporative heat loss relative to individuals with a comparatively higher level of fitness as indexed byV O 2 peak (Henane et al. 1977; Bittel & Buguet, 1980; Avellini et al. 1982) . Thus, further work must be conducted to delineate the effects of physical activity in the context of different levels of aerobic fitness on thermoregulatory function.
Conclusion
Our findings demonstrate the long-standing notion that aerobic fitness modulates the rate of whole-body evaporative heat loss in young men, albeit in a heat-load-dependent manner, with the magnitude of those differences becoming greater with increasing heat loads. Moreover, those differences were evident only in individuals possessing large differences inV O 2 peak (ßࣙ20 ml O 2 kg −1 min −1 ) within the exercise conditions used.
